amplicons (two sequencing reads each) were sequenced for regions containing the rmr6-7, rmr6-8 and rmr6-14 lesions identified in Fig. 1B . Intron boundaries (Fig. 1A) were confirmed by PCR amplifications of cDNA, generated as described below from RNA isolated from immature ears of non-mutant plants, with primers (Table S2) spanning the FGENESH-predicted introns and sequencing the purified amplicons. The composite cDNA sequence of Rmr6-A619 is presented in Fig. S4 .
Rmr6 expression profile: Embryo and endosperm tissues were dissected from mature kernels (B73 inbred) and pooled for RNA isolation with TRIzol reagent (Invitrogen, Carlsbad, California) following the manufacturer's protocol. Excess starch was removed from the endosperm sample by two additional centrifugations and separations of RNAcontaining TRIzol supernatants from starch pellets. RNAs was isolated from leaf tissues, as described (S4) . RNAs isolated from shoot apical meristems (4 week old plants) and from 10mm-long immature ears and tassels (all B73 inbreds) were a gift from Dr. Natalie Bolduc (USDA-ARS, Albany, CA). cDNA was generated, as described (S4) , with 1μg of total RNA as template. Resulting cDNA was PCR-amplified with the rmr6-specific primer pair Rmr6-17 (Table S1 ). RT-PCR products were sized on a 1% agarose gel and stained with ethidium bromide for visualization. Amplifications of rmr6 with the Rmr6-17 primer pair from cDNA yields a 296 bp product, while amplification from genomic DNA generates a 644 bp product. RT-PCR was also carried out on the cDNA in parallel with primers specific to alanine aminotransferase (aat), as described (S4) . The B73 DNA control was performed as described (S5).
Phylogenomic analysis: RMR6-related protein sequences were retrieved by BLAST search of plant genomes at Phytozome 2.0.4 (phytozome.net) and brachypodium.org. Unique protein identifiers or chromosomal regions used for predicting sequences are as follows: Oryza RPD1a, predicted from chr4:28610676..28627785; Oryza RPD1b, predicted from chr9:2201469..22034062; Brachypodium RPD1, predicted from super_4:5920919..5930919; Vitis RPD1, GSVIVT0001082001; Populus RPD1, 751391; Selaginella RPD1, 441655; Arabidopsis RPA1, At3g57660; Arabidopsis RPB1, At4g35800; Arabidopsis RPC1, At5g60040; Arabidopsis RPD1, At1g63020; Arabidopsis RPE1, At2g40030. Gene models were predicted for indicated sequences with FGENESH+ (softberry.com) with RMR6 as the similar sequence. Full length sequences were aligned with five different algorithms under default conditions: ClustalW, SATCHMO, T-COFFEE, MUSCLE and MAFFT (http://www.ebi.ac.uk/Tools/clustalw2/index.html; http://phylogenomics.berkeley.edu/cgibin/satchmo/input_satchmo.py; http://www.ebi.ac.uk/Tools/t-coffee/index.html; http://www.ebi.ac.uk/Tools/muscle/index.html; http://align.bmr.kyushuu. ac.jp/mafft/online/server/). Using both visual analysis and percent identity calculations (Table S4) , we found the MAFFT L-INS-i alignment provides the most parsimonious representation of the presumed evolutionary relationship (S6). This alignment was used to generate a maximum parsimony tree with bootstrap values with PAUP* 4.0 (Sinauer Associates, Inc. Publishers, Sunderland, MA) under default conditions. Alignments were edited with GeneDoc 2.6.04. Conserved polymerase domains A-H were annotated per (S7).
Small RNA analyses: Small RNAs were isolated from immature ears (~7 cm) of wild-type heterozygous and homozygous rmr6-1 sibling plants, as described (S8). Standards for approximate sizing of RNA bands were 20 pmol of of 21nt (5'-GGCTAGCATTCCATAGGGTTA-3'), 24nt (5'-CAACTGTGGTGCTAGTAATTGTTT-3'), and 31nt (5'-ACTAGGTCATCAACACTATCATAAGACATAT-3') non-specific DNA oligonucleotides. In separate lanes, 27nt DNA oligos containing doppia sequence in both the sense (5'-ATTTTCGTCGGCCTAGATGGTGGCCGA-3') and antisense (5'-TCGGCCACCATCTAGGCCGACGAAAAT-3') orientation were loaded as a control for hybridization specificity on the Northern blot. Radiolabelled riboprobes were synthesized, as described (S8), from a plasmid containing Pl1-Rh doppia sequence and the genomic region upstream of doppia (S4) . Plasmid DNA used to generate the sense probe (T7 polymerase) was linearized at a StuI (New England Biolabs, Ipswich, MA) site and the riboprobe contains some of the genomic region upstream of doppia as well as doppia sequence; to generate the antisense probe (T3 polymerase), plasmid was linearized at an SfiI (New England Biolabs, Ipswich, MA) site and the riboprobe contains only doppia sequence.
Generation of RNA probes for transcription analysis: All probes used for run-on transcription analysis were generated from pGEM-T Easy vector (Promega, Madison, WI) containing the appropriate PCR amplicon with either T7 (Invitrogen, Carlsbad, CA) or Sp6 (Fermentas, Burlington, Ontario) polymerases. The doppia probe was amplified from genomic DNA with the Pl1(-493) -5′ TAGGTGCAGAAAAATCTGTTTTGG 3′and -Pl1(-147) -5′ CCCACTACAGGAAACGCCTA 3′ primers. The Mu1 probe is as described (S9) subcloned into pGEM-T Easy. CRM and Cent-A probes were amplified from genomic DNA using primers previously described (S10). A1 and ubiquitin clones are as described (S11) though the A1 probe was subcloned into pGEM-T Easy. The 45S probe was amplified from genomic DNA using Zm45S.4 -5′ TTGAGAAGTGCTTGCGTGC 3′and -Zm45S.5 -5′ GTAGCACGTCCTCGCAGAC 3′ primers that span the 5′ region of the maize 45S precursor transcript (S12).
Run-on transcription assays:
Nuclei were prepared, as described (S8) from either husk leaves or 14 days post-sown seedlings. For each assay, nuclei isolated from two individuals of identical rmr6 genotype were combined and then split into two samples of 500 μl each. Before in vitro transcription labeling reactions were performed, one of the two identical nuclei samples was incubated for 10 minutes on ice with 50 μg/ml α-amanitin [gift from Dr. Caroline Kane (UC Berkeley)] or 50 µg/mL Actinomycin-D (Sigma-Aldrich, St. Louis, MO) and the other sample with an identical volume of dH20. Transcription reactions were performed and RNA was isolated from nuclei samples, as described (S8). Bulk incorporation of radiolabeled UTP was measured with a 1:30 dilution of total isolated RNA with a Beckman LS-3801 scintillation counter. 200 ng of each RNA probe described above were blotted onto a nylon membrane (Amersham Hybond-N+, GE Healthcare, Buckinghamshire, UK) using a Bio-Dot SF slot blotter (Bio-Rad, Hercules, CA) and UV-crosslinked. Individual slot blots were hybridized with isolated, radiolabeled RNA from transcription reactions as described (S8) and washed successively in 1X SSC/0.2% SDS at room temperature twice for 10 minutes and in 0.1X SSC/0.1% SDS at 65C twice for 30 minutes. Hybridized RNAs were visualized following an overnight exposure to a phosphor screen and subsequent detection using a Typhoon 9400 phosphorimaging device (GE Healthcare, Buckinghamshire, UK). Estimate of RPD1-dependent UTP-incorporation were made by calculating the fraction of alpha-amanitin-insensitive incorporation in +/rmr6-1 nuclei necessary to provide a ratio equivalent to two standard errors above the mean ratio found in rmr6-1/rmr6-1 nuclei.
Southern blot analysis: Genomic DNA was isolated from pools of 10 seedlings of the inbred lines B73 and A632 using the following procedure. Tissue was frozen in liquid nitrogen, pulverized with morter and pestle, thawed in 15ml extraction buffer (100mM Tris, pH 8.0; 50mM EDTA; 500mM NaCl; 1%SDS; 10mM 2-mercaptoethanol), heated to 65C for 10 minutes, and then clarified by adding 5ml of ice cold 5M KOAc, incubating on ice for 20 minutes and centrifuging at 4000 rpm in a model 5810 R table-top centrifuge (Eppendorf, Hamburg, Germany) for 20 minutes. Clarified supernatant was filtered through miracloth and nucleic acids precipitated by adding 20ml 2-propanol and gently mixing. Nucleic acids were pelleted at 4000 rpm for 15 minutes, resuspended in 0.7ml of 50mM Tris pH 8.0, 10mM EDTA, successively extracted with equal volumes of phenol/chloroform (1:1) and chloroform alone. Nucleic acids were precipitated with 0.3M NaOAc and an equal volume of 2-propanol, recovered with a flame-sealed pasture pipet, washed with 70% ethanol, and dissolved in 0.2ml TE. Five micrograms of nucleic acid samples were digested with RNaseA and the indicated restriction endonucleases (New England Biolabs, Ipswich, MA) according to manufacturers directions and electrophoresed for 22 hours at 40V in a 0.6% agarose gel. Genomic DNAs were transferred by Southern blotting to a Hybond-N membrane (GE Healthcare, Buckinghamshire, UK) with 10X SSC and UV crosslinked. Membrane was hybridized as described (S13) with a random hexamer-primed radiolabelled PCR amplicon derived from primers used to analyze the sequence of rpd1 exon 10 (see Table S1 ). Blots were washed successively in 1X SSC; 0.5% SDS and 0.1X SSC; 0.5% for 30 minutes each at 65C. Hybridized DNAs were visualized following an overnight exposure to a phosphor screen and subsequent detection using a Typhoon 9400 phosphorimaging device (GE Healthcare, Buckinghamshire, UK). GAACTTATCA AACAATTTGT TTCAAGGCGG GAGCTATTGT TTCTATCATG TTTACCAGTA  ACTCCTAATT GCCATCGTGT TGTAGAAATT GGATATGGGC TTCCAGATGG ACGCCTAACA  TTTGATGACA GAACAAAGGC TTACAAGAGG ATGGTTGATG TCAGTAGGAG AATTGATGAC  TACCGCCAGC ATCCACATTT CAGTGTTCTT GCAAGTTCAC TTGTCTCAAG CCGGGTTTCA  GAATGCCTAA AGTCATCCAA GTTGTACTCT AAAAAGGCAG ATGGAGAGAC ATCCACAGAT  ACATATGGAA TGAAATGGCT AAAGGATGTT GTTCTCAGCA AAAGATCAGA TAATGTTTTT  AGGAGTATTA TGGTTGGAGA CCCAAAAATT AAGTTATGGG AAATTGGCAT TCCTGAAGAT  TTATCCTCAA GCCTGGTTGT TTCTGAGCAC GTCAGTTCTT ATAATTTTCA AAGTACAAAT  CTGAAGTGCA ACCTGCACCT TCTAGCCAAG CAAGAACTAT TTATTCGGCG AAATGGAAAG  CTAATGTTTC TTCGGAAGGC AGACCAGCTA GAAATAGGTG ACATTGCCTA TAGACCATTG  CAGGATGGTG ATATTATTCT CATCAACAGG CCTCCTTCAG TTCATCAACA TTCATTGATT  GCATTATCTG CAAAAATTCT ACCAATTCAC TCTGTCGTAT CAATCAATCC ACTATGCTGT   ACACCTTTTG CAGGAGATTT TGATGGTGAT TGTTTGCATG GATATATCCC ACAATCTATA  CGCTCAAGGG TTGAACTTGA AGAGCTGGTA AGCTTACACA ACCAGCTGTT GAATATGCAA  GACGGTCGAA ATTTGGTGTC ACTAACACAT GACTCTCTAG CTGCTGCACA TTTGTTAACA  AGTACAGATG TTTTTCTGAA GAAATCTGAA TTACAGCAGC TTCAAATGCT ATGCCTTTCA  GTATCAACAC CAGCACCCGC AGTTATTAAA TCTATGAATT TTCAAGGTTC TCTGTGGACT  GGTAAACAAC TTTTCAGCAT GCTTCTTCCT TCAGGCATGA ATTTCAGTTG CGATACGGAG  TTACATATCA TGGACAGTGA GGTGCTTACC TGCTCACTGG GTTCTTCTTG GCTACAAAAT  AACACATCTG GTCTTTTCTC TGTCATGTTC AAACAGTATG GTTGCAAGGC ACTTGACTTC  CTTTCTTCAG CACAAGAAGT ACTATGTGAG TTCTTAACCA TGAGGGGTTT AAGTGTCTCT  CTTTCAGATC TCTACATGTT CTCAGACCAT TACTCAAGGA GAAAACTAGC TGAGGGAGTT  AAGTTGGCAC TGTATGAAGC TGAAGAAGCT TTTCGAGTCA Table S1 -PCR primers designed to amplify the predicted coding regions of the nrpd1a-like gene candidate from genomic DNA sequence. TAAACAACGCAATCCCATCA TGCTTAATGCATGGAACTGC 14->17 GGGCAGTTCCATGCATTAAG CACCGATCTTTTCAGCACCT 16->3' UTR region GACCGTCAATGGTGTTGCTA GCCAGGAACACTTTCCAAAA Table S2 -PCR primers spanning intron boundaries used to amplify cDNA products to verify predicted intron boundaries of the nrpd1a-like gene candidate. Table S3 -PCR primers used to amplify genomic DNA fragments for cloning into vectors described for use as run-on transcription riboprobes. Table S4 -Percent identity in G domain for unedited alignments from listed program Pairs of sequences were excerpted from the full alignment, and percent identity was calculated by dividing s.
the number of identical residues by the total number of residues in e longer sequence. 
